Study of processes accompanying optical breakdowns in tap water and ethanol may lead to better understanding laser methods applicable in Biomedical Engineering. Structure and dynamics of the breakdown in tap water and ethanol at λ=1064 nm were investigated by applying a high spatial resolution shadow, Schlieren and MachZehnder interference diagnostic techniques. It was found that a laser spark column has essentially discrete character in virtue of the breakdown mechanism on inclusions: it consists of cavities over inclusion's particles and associated shock waves.
Results and discussion

The experimental set-up
The experimental set-up was presented in Fig.1 . The plasma initiating laser was an Nd:YAG laser (Continuum, Powerlite-8010, US). Its fundamental harmonic pulses (λ=1064 nm, duration 6 ns) were focused by a singlet of the focal length 75 mm into a quartz-windowed cuvette.
The output energy was reduced in comparison with nominal to 10-150 mJ. The size of the focal spot was evaluated as 2w 0 =70 mμ. The visible harmonics from the second Nd:YAG laser tests the cuvette in direction perpendicular to the propagation of heating laser beam at controllable delay time τ d , which was measured between maximum of the laser pulses. As the probing beam source was used a Quanta-Ray INDI laser (Spectra Physics, CA). Both lasers were worked at a single pulse mode with synchronization from external pulse generator BNC 555-8cG (Berkley Nucleonic Corp., Berkley, CA) with accuracy better than 6 nanoseconds.
An optical collimation system of visualization consisting of two objective lenses: ILOCA-Quinon, F=50 mm @ Jupiter-9, F=85 mm, sharply focuses the region of breakdown onto KODAK photo film T-MAX 100 having the light sensitivity ISO 100 and the spatial resolution of 100 lines/mm.
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Fig.1. Experimental set-up
Three different diagnostic techniques were applied for visualizing and measuring the region of breakdown: shadow, Schlieren and interferometry. An optical scheme of shadow photographing was successfully used as the base for the Schlieren device if an adjustable optical knife were located in the back focal plane of the first objective lens of the collimator. The dark field Schlieren technique was applied for visualizing vertical gradients of the refraction index (horizontal location of the optical knife). In the third series of probing a laser spark column was also imaged onto the photo film by applying MachZehnder interferometric scheme. The interferometer consisted of two beam-splitting cubes and two flat mirrors. The pictures obtained on the photo film were scanned, digitized and stored on the hard drive of a PC. The film registration approach provides imaging with spatial resolution ≤2.5 μm/pix.
The second interference approach was applied to study a laser spark column: it was sharply imaged on the full-frame CMOS sensor (24 x 36.8 mm, 24.6 megapixels) of a camera Sony Alfa-900. In most experiments the camera worked in a binning mode with frame resolution 1890x1260 pixels, spatial resolution of the frames was 6.5 μm/pix.
Structure and dynamics of a laser spark column
A discrete structure of a laser spark column in tap water was first observed in [1] by applying a high spatial resolution shadow and Schlieren diagnostics techniques. The interference measurements confirm the discrete structure of a laser spark column in ethanol. Laser beam is going from right to left
Comparable analysis of breakdown in tap water and ethanol shows the same nature of the process. For time delays up to a few nanoseconds after the heating laser pulse, the picture of laser breakdown in water and ethanol is the same as following: solid state inclusions in the liquids are intensively illuminated with the laser beam focused by the singlet. Surfaces of the inclusion particles begin to ablate but at the same time the expanding motion of the particle's material vapors are strongly restricted by a liquid surrounding the particles. It leads to a high pressure in the vapors, which supports the mechanism of avalanche ionization there. In this case multi-photon processes are simply the cause of the appearance of the first electrons [2] . The discussed process might be considered as a thermal explosion of the inclusion particle accompanying by effective generation of the micro spherical shock wave in a liquid. Parameters of the shock wave depend on the particle's size and the sort of their material.
The first stage of the optical breakdown not long after the end of the heating pulse is illustrated by the interferogram imaged in Fig. 2(a) . It can be seen that at shortest time delays a laser spark column is filled with small luminous micro balls of the diameters of the order of hundred microns. It is believed that the process of avalanche ionization [2] is responsible for an arising the luminous ball over an inclusion particle. A couple dozens nanoseconds later a series of cavities appears as a product of the thermal explosion of the inclusions and expansion of ionized products of ablation. Expanding vapors act as a spherical piston and effectively compress the layer of a liquid in vicinity of cavity's walls and generate a spherical shock wave moving with supersonic velocity together with cavity's walls. After sometime, the shockwave outdistances the walls of the cavity. This sequence of events is illustrated by the interferograms in Figs 2(b, c) .
The dynamics of surrounding cavity shock waves are presented in 
Warmed channels and dynamics of cylindrical shock wave
In Fig.4 is presented a series of enlarged fragments correspondent to breakdown in ethanol. In spite of tap water in ethanol it is clearly visible the dynamics of channels warmed by the heating radiation in the region of the focal volume. Together with the channels associated cylindrical shock waves are observed: the warmed volume of ethanol generates in radial direction a cylindrical shock wave. To numerically evaluate the radial dynamics of the shock wave the refraction index of ethanol was calculated at different delays for the crosssections shown in the figures (a-c) by the arrows. The results are presented in Fig.5 , where the refractive index in ethanol is shown as a function of radius. 
where
-4 K -1 ; the value Δn, is the change of the refraction index of water, which can be calculated in following way. From the interferograms the change of the refraction index is evaluated as:
where λ=532 nm is the wavelength of the diagnostic light and Δk, is the fringe shift. For Δk =0.25 the temperature change is ΔT=16 K. On the other hand, the temperature of water might be approximated from the simple following approach. The laser pulse energy ε a , is absorbed in the symmetrically located at the focal volume cylindrical sample with diameter d c of the liquid with extinction coefficient α=0.15 cm (3) the average temperature of water in the channel is evaluated for ε a =40 mJ as the value of the order of ΔT~15 K. It is supposed that the absorbed energy is calculated in accordance with the Lambert-Beer law of absorption ~exp (-αz) . From interferograms it is seen that warmed channels are long time existing objects that is confirmed for example by interferograms in Figs 6. Thus, heated channels in the focal volume deactivates by the relatively long process of thermal conductivity. Interference imaging show that channels exist for times longer than one microsecond.
Cylindrical shock wave and novel mechanism of self-focusing in ethanol
In Fig.5 is clearly visible a positive change of the refraction index behind the front of a cylindrical shock wave due to the compression of the liquid. The positive changes of the index of refraction [3] on the front of cylindrical shock wave are favorable for realization of a novel mechanism of self-focusing. It is clearly visible in Fig.5 that axial focused beam is separated in two self-focusing channels: upper and lower having diameters of about ~20 µm. The channels are not equivalent due to radial asymmetry of the focusing beam. The upper channel is more powerful: it is seen in the figure, that canalized beam effectively interacts with inclusion's particles on its way. In experiments was found that effect of self-focusing is accompanied by the effect of bleaching the focused laser beam and achieves its maximum at energies E out =65 mJ. 
Conclusion
Essentially discrete character of a laser spark column at laser breakdown in ethanol at λ=1064 nm was observed and measured by applying a high spatial resolution MachZehnder interferometric technique. It consists on cavities over inclusions and associated micro spherical shock waves. Dynamics of the associated shock waves arising over cavities was studied. Heated channels in the focal volume of a focusing singlet in tap water and ethanol were observed due to the mechanism of absorption of the NIR laser radiation in the liquids. The channels have different nature of evolution. The tap water heated by the focused radiation in the focal volume is deactivated by the mechanism of thermal diffusion.
At the same time heated in the focal volume ethanol deactivated generating a cylindrical shock wave.
Moving in radial direction cylindrical shock wave in ethanol creates favorable distribution of the refraction index on its front. A novel mechanism of self-focusing and canalization was observed, which accompanies with effect of bleaching by the heating laser radiation.
